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(54) Title: CATALYST COMPOSITION 
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(57) Abstract: A catalyst composition for the polymerization of conjugated dienes which comprises (A) a metallocene-type complex 
represented by the general formula (I): (C 5 R 1 R J R 3 R''R 5 ),MX b L c (wherein M is a rare earth metal; C 5 R'R 2 R 3 R 4 R 5 is substituted 
OO cyclopentadienyl; R 1 to R 5 are each independently hydrocarbyl (with the proviso that the cases wherein all of R\ R 2 , R J , R 4 , and 
O R 5 are methyl are excepted); X is hydrogen, halogeno, an alkoxide group, a thiolate group, amido, or a hydrocarbon group having 
1 to 20 carbon atoms; L is a Lewis base; a is an integer of 1, 2, or 3; b is an integer of 0, 1, or 2; and c is an integer of 0, 1, or 
O 2) and (B) an ionic compound composed of a non-coordinating anion and a cation and/or aluminoxane. The invention provides 

O polymerization catalysts capable of producing polymers which are enhanced in the cis 1,4-structure content of microstructure and 
have narrow molecular weight distributions. 
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(57) Sfcl: 

# : (A) — Jt$5£(I) : (CbR 1 R 2 R 3 R 4 R 5 ) .MXb • L c Mf2^± 
H^JHSr^b ; C 5 R 1 R 2 R 3 R 4 R 5 «B^V^n-<^^v ? ai^^S$:7^ 
L ; R *~ R 5 tt-^tlfn^- 6 VMS^ft 5 ^HbTK^SSr* b ( 7~ 7c b, 
Ri=R2=R3=R4=RE^f^i©I^^i< ) ; X^TK^J^^-s xnu^^ 

<E> 7k S £ b ; L f±/v>f ^^Sti'fb^^i b ; alii, 2 x X 
ft 3 <D&m & 7* b ; b « 0 . 1 , Xli2roSf «r^L ; c 0 . lXtt2 

it^W*^ < . a>o^V^^ft#;m&W^5S^#£§git^S7c«> 
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rfco, xitim-@&-cft^&*S:i'J£}fio-c^3 0 gift • mmft 

^yyi/y^Oi^ili LTX|H#H-Jk<fflV^ti-Cl^5 (End. Ing. 
Chem., 48, 784, 1956; #<&Bg 37-8198 -5§- # ) „ 

< „ fr±m&mik&yo t m i~iii i£o*r$s&«tt;^a> <b ^si^ii 

& o (Makromol. Chem. Suppl, 4, 61, 1981; J. Polym.Sci., Polym. 
Chem. Ed., 18, 3345, 1980; & IS l±l 0 2,848,964 -*§-; Sci. Sinica., 2/3, 
734, 1980! Rubber Chem. Technol., 58, 117, 1985 if £r#R8)o wtvb 

k-rz&&mmn> i M^$'x 1,4 s^^t ^titifci^stt^wts r 

(Macromolecules, 15, 230, 1982; Makromol. Chem., 94, 119, 
1981 &#fS0 o 
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tit, &'&i?*-^miz.n Li^v^*-^^stt^ w-r 5fc&g££:J^T, 5:^ 

SrJBV^ 5 r. £ t£<fc «9 * ^ ^ a«5gjc*5»-t 5 v"* l,4-flli£<D# 
# 6 r. i: £Jt-tiJ Lfc 2000-313710 ^§-&# fig) „ 

m * w -f s * & v 5 * ^ m & & * m m -r z m <d m n§ & m * n x v * a „ 

|g 0^ <^ w ^ 

9 A ft: #J K & x ^ ^ p fl|a£fc*5 5 l,4-«i^<^^W*^iSi < s 

tfe^a-^ia-* &*r-r sfi^^^r^it-r 5 ti & & m mm* m&-f z> 
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JjfiJ&^Sr/B^T. ^ a ^=3r i^- ^#?5ETT* 5 * D«3g^*3»tS 1.4- 
in tz. h <D X &> 5 „ 

TlBOJ&# : (A) — :(C 5 R 1 R 2 R 3 R 4 R 5 ) a MX b • L c (iS 1 ^ 

Mtelfrit^f &H3r^ b ; C 5 R iR 2 R 3 R*R 5 ttg&v'* a v^^A- 
I^/tL;R!~R 6 n^fi^tim — h 5 V>fi£ft 6 #Hb7k*S£r^ b (fc 
fcb. Ri=R2=R3=R*=R6=^f /H©i^l:^<) ; X|j:7KiJI^> ^ 

tf> b 20 Oj^fkTK^S^^ b ; hitJ^4 ^Jfi&tMfc^ftJ b ; a tt 1 . 
2 „ Xtt 3 <D&Wc*7ik b ; b 0 , K Xli2©it?r/Tt ; cliO, 1 
XI4 2©ii^/Ttf) T'^$^5^^n-feyl^^> & T>* (B) # Ifi t£ T 

? 7 /Vjrv7 is— K 1,1'*^^ j. a ir ~ r> A-r h 7 * 

* (^y^7/^P7i-^) # 1--— h d*P>»tf*L5 1 @Xf* 2 

T'fc 3 _b 15 4£> ;7/^;/^tyiS^ TATA'S 7 'frf-^&t*/ 
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<7>3§PJ3 KMZ-X, ^ ^ n#3gfcS3»t 5 1,4 ^jt^-g-^ra^ 80.0 

mol%J^±, 0 £ b < f± 90.0 mol% J£* Jt. £ «9 b < 95.0 mol%£A 
±, * b < fit 98.0 moP/o^-bt 5 9 . ^o^-^-4^^ Mw/Mn ^ 

0* b < li 2.20 J^T, <t 0 b < f* 2.00 KT, $ b » 

* b < 1.90 CtT, b< 1.80 g(Tt"fc5i^*^ii$H 

* w * m&-t z tz. & <dm & © 

#3SKtf>;* ^otyiif^i Itlj:, 0ijx.tf, -^^(I) : (CsR^ 2 
R3R4R5) a MXb- Lc (sSf. Mf±*±fB4fe««r^ b ; C 5 R 1 R 2 R 3 R 4 

VMiH* *£Hfc*SSS«r^ b (fcfcb, R *=R 2 =R 3 =R 4 =R 5 =^ f-J^m 

<DM^^m< ) ; x tefcmm*. ^ o^ygf, ^^-^ 

-M, T $ KI, Xtt^Ifffg: 1 <b 20 ©«{fc7K3RSSr^ b ; L 
*l&XI*Mt^#>&7rj b ; aiib 2.X«3^S^c5r^b;bfiO, 1 % 
Xli2 ©St^^L ; c 110, aii2©l|[$:^t) t*^5 2i 

-LIB — (I) (iljoV , »"CC5R 1 R 2 R 3 R 4 R 5 # 5 "f~ ffi ^ p^<^/^ 
V> ^ = yl^S <£> R l~ R 5 ft ^ ^ft |g] — X' t> ^ o X T & «fc o f£ b . 
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0ij £ L T & , #J *1 s 7 ^ * ~ !7 A % "ty ^7tt^A, ^^"v> 

? ^ ^p^^^As -y- y ? > # k y = V & . 

\f f? a x v= ^ ^ n a N */^; = n> ^ A' tf ? a „ y y ? a , y 

bf/wS, -fy^n fcVWg. n-^f^i> V ^f^S> sec-^f^S, tert- 

/Ui/'j if ©^*jlKT-«r**-r5«ft**** if * *P 5 ^ £: "C 

f 5 C SB £ HVMC v 5 ^ f/l'V y AS. *J * ?- As * Is 

Xtti&ZtlX^X h <fc V> 0 

filftV^ n v> zwk g © ^ ft: #J i: LTtt> l-^^/u 

-2,3,4,5-X ^-/isi/? n^y^ ^x = ;l/S, 1 V ^ o fc°/W-2,3,4,5- 

f h 7 ^ f ^v-^ o^y^ i^x^^I, 1-y ^■7/1/7'f ^-2,3,4,5-f h 
9 * f /Wv'^ n >7x = /H, 1- h y ^ ^yWV y /U-2,3,4,5-5 1 h 7 

tf-iV*/ 9 u ^.1/ ? l-^^i^^-2,3,4,5-'!f h 7 ^ ^/l'V^ 

n^y^v>x = ;i.£, 1-7 ^ - ,u -2,3,4,5- "T h7^f^V^ p^^^v 5 
jc^^S, l- h y 7^^* a ^^-2,3,4,5-7- h 7 * a ^O- ^ v> 

x = 7*^^-2,3,4,5--r h 7 ^ f ^ v^xc/ui, 
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hHyT'n t°/V i/ ]) ^-2,3,4,5-7- h7^f^V^ ? -j^rc^/uS 

^ tf* ^ £ 5 , 

b < IS. A--2.3.4.5-X h 7 * 3- tV*st a^V^ ^=c=^/vm. 

1-4 y^a fc°/u -2,3,4,5- T" h 7 y f/l'v'^ a ^ * v^^/^S. 1-/ 
yi^y ^/U-2,3,4,5--r h7^f D^y^^x = ;i/S, 1- h y y ^A- 

U yu-2,3,4,5--^ 1>7> f/uv^ =■ AS 75 s ^ *f 5 o 

n-^f^v'S, -Yyy'h^v'S, sec- y* h is S , tert-^ b 
if <Dffift&RT/i' = * v'S, y^y^v'S, 2,6-i^-tert 
* / ^ v'S. 2,6- 'J 4 y7°ntV>7i;^^S, 2,6- yf;>7 * 
7 ^ :XS> 2-tert-y"^/V"6-^ y y p fc'/uy a J 3r 2-tert-^^/W-6- 

^^<yf /i^7xy^v'S, 2-f y7°p tvu-6-^^-^>-^^y * y 

S& i£ <DT ]) — >Vit**/ KSO V>-f ttT* <fc 2,6-v ? -tert-^^/wy 

^^^P^^r^S, ftn-7*h*i'$, ft>fy7"F^^is ^-^"sec- 
y*b^ixS. ^^"tert-y K^^Sft^/itJfcJ^;*-^- hS, ^^ai 
M^I, 2,6-v^-tert-y^^^^-y 3i / v^«, y^o t';uf 

it 7 3i / ^i/S x 2,6-^^t^yf t7s y * v-S,2-tert-y ^/^-6- 

^ y7"o fc°A^;3-y 31 y 3^>S> 2-tert-y ^/W-6-^ ^a y 3i 

y^rv-S. 2-f y7*o e;U-6-f t^t^yf 2,4,6- h 

y ^ y yp t/uft7iy ^vSft ^<E>T ]) — iv^Jry — hStf^i 2 H 
T- 1> J; v^s, 2,4,6- h y-f y/ot'^f t7xy^yS^$ft li\ 

y y p fcVur S KS«: ZcomffiMT \ KS. 7x^^7 ^ Ki, 2,6- 
^•tert-7f /U7x = ;U7 5 KS, 2,6-v^ V y a \? >V y ^ ~)VT X Ki, 
2,6-^^i^yf;V7j=/i/7 5 KS, 2-tert-7f ^-6-^ y/n t'/U7 
x=;U7 5 KS, 2-tert-y^/^-6-^^--< yf/1^7 31 ^AT ^ KS> 2--f 
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yyDlf;H4t^^f^7x = ^7 5 Kg. 2,4,6-tert-7*^/U 7 =• 

x a* Si" ^§{?3£ i h 20 <D^<b7K*Sco t LTIi, #J;tk£. ^ 
7^/Ug. sec-^^^Ss tert-T^^S. ^t^Vf/H^ 

hyyf/w>!)/^f/H, tf^> h y ^ y ^/vmta if <o 
m . x h 7 t k ^ ^ y sum ft if a* # £ l 0 

xi LTfi> tK^M^. l * a 20 <D#Hb/k 

7^yft^ft, y /ua-dp. ^{t&Vdte if5r/8v^5 n i: a*-C# 5j6S % :Jx 
fclBJE £ Ji5 ' i: f*ftv> 0 

t Kn7 7Vt-7!) !7 ^ . tf * 7 h7^f;Ky7nif/^y^n^y^ 
v^^^/u^h^t KB7?yf-r!l?A, lf^7 h7^f ^y^^^7* 
f^V^n^y^^x^/Hf^f h7t Kn77ytvU ? .A N Xlit* 
7 7" h 7 y f ^ h y yf/^yjJ^i/^ n^^^^jc^/U-r- h 7 t: Kb7 
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^v-^-^y * a ta if a* m if h tt 5 . 

fb^fcfc ^ fc^tf 5 r. <b a*T-# So ^aafifcttr^d-^ t lt 

Thy (7x=;u) 4?^— K f h7^^ (^;7;^d7i=^) # 

jtf — K f h7^^ (/<y^7/l'to7x^;l') # U — h , f h7^r 
* (f h77/l/ta^^7x= /U) al? — K f h7 ( M) ^) # V' 
— K r h7 tJ? u — K ( b U 7x=/w, 

ai^/u) [MJ ^ y * 7 ;v3r a 7 i ^/^) , 7i^^] tf? 

if h tt 5 o 

#5. 77/1^ = 17 A 77 ^-^-^O^^^J i: LXIt by^^^/VTJ 
/l^^^^^Tj^^^, b y g&7^~/i'#/i'#^?A7J^^W£<!; <, <DH 
B&77 = ? A 77 ^ ^ ^ £ ^ &f 5 ^ £ tf* T* # 3 „ h yg^7^=/U7J 
yu/tf^ «7 a 77 y^^ffc^l i: LT fi, hy (^f^7i=^) 7J/w^ 
~VJ»#T*^, hy ( 7* ^ 7j/u^~*A7J^-;*-^£:# 

/l^T^^^^ATJ^^-^, HJxf /Vjy^^ ? A 7J ^ ;t ^ > Mi7"o 

-7 f tv)T > ~ ft }* v> h y 7;^^7^*-7A*f i 

N.N-v'^^vt'T^ y ~ !7 A7J^^->-. N ( N-2,4,6-^ >- * * tV T = 
y = £ a # i/f£ if<D N,U-i?T /is^^T ~ V - V y . 

y^P fc° /l^T :/ ^ ~ !7 A 7J ^ :/ , v 5 -^^ a^dr^/ury^-^A^f- 
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it is ti }£ <T> JVT *s * ~ J** * *%£\f Z> H5t*#5o * 

hy (^f^7x = ;n /Js^t^-^a^^^-v, by (v 5 ^^^ 

1 1, B(C 6 F 5 ) 3 > A1(C 6 F5) 3 ft ¥ V^ 5 

i^^t, R-ft^mm i ~io (omikfcmmxib *> . m^it^m&n^^ 

£^ #£L<te5J^_L, «fc9#*L<WtlOEA-b-e*>*. R'HT 
ft, ^f;H, ^^/i-S, 7p f;H, y ^ ^ * if 3* m if h fi 5 

^^•^t^^^^a, h y 7 7*^^7^^ ~ ? a & if <e> v y r/u^yw 
r ^ - * a & t>* ^ <d tn i£ & m if h ti z> o »n»*tv^©tthy 
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^/05-c*#^ o ::©«fc5fcTA'5>'*lJ-i'tt* rfrflR * tit 5 t> <£> *■ ffl ^ 

xt>J:<x «*.«\ my—^T^^^fr^'biK^c^fr'^s mmao 

y /V ^ ^ A- y ^ -7 A N txhMf/i'v' , J/^f/H^^> i? sis 

h y 7* is A* T )V * - * A ft if £ m ^ Z> - t & T? # 5 o $ b . ^ ^/v-v 
* ^f? u 7 4 Kx ^if^7/K^n^7^ K> -fe ;* * ^ ^vv 

v>Tt><tv^ D r. H b <£> *«^JR<k^»tt l «£J3 «fc < , 2S^± 
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^tfi£j3c«J-Cfi. J&#(A) : (*/Hfc) * 1 : 1-1 : 10000. & £ 

L < fi 1 : 10-1 : 1000. $ bKflP* L < tt 1 : 50-1 : 500 SSl^t S 

J&#(A) : /&#(B) (*/Vjfc) & 1 : 0.1-1 : 1000. L < fi 1 : 0.2-1 : 

500. $ h t-$f * L< li 1: 0.5—1 : 50 Sft »C-T ixff J: V^„ £ fc . f&#(C) 

It) tt. 0Ux.fi. 1 : 0.1-1 : 1000. U < f* 1 : 0.5-1 : 100. £ b 

\Z& £ L < & 1 : 1~1 : 50 tStfeS, 

\zmj££*i*^&. #Jx.fi. i,3-7? ^y-^u-^. 1,3-o^v 5 

^V. 2-^^/1^1,3-y * v 5 ^ ^. 2,3- ^fV7? v 5 ^ ^. 

fi. -t ^l»3£$ ftfcv^ 0ilx.fi. 7 — 

-<^if ^. h /I'i 3f#»s& ft** ; ^L'fb^ * V' * n n tfwu A % 

*1^0l^^jfe^fcMt5t^fiS(i, #Jx.fil00~100 °C<£>$&ffl. 
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ft £ L < ft -50-80 tro^fflffc^c S^lSBflrtU mz-tf 1 #~12 «p|ffl 

5 r i: a* pTfgT'fc «3 . -ktZKM^ L «S BB BR J£ $ *b 5 - <t ttft^o 
f?lk £ it. ^l^iiSt^SU-^V^Efc Ufcm^^^rR^^^ b^-gf-T 

4 fit* fiJ&tt 80.0 mol% J£/.±T'fc 9 . L< ft: 90.0 mol% ^_b. <t 

9 * L < 14 95.0 mol%&l_h, «H£$f* L < 98.0 mol%£A ± "C 5 . 

Ltli, Mw/Mn a* 2.50 ^ T\ #3= L < tt 2.20 U 
T> J: D L< W: 2.00 $ b< tt 1.90 J£AT. «M£ # * 

b< {4 UO^TT-fcS, #38 W Si^3&ft4#tt (i&2c/£f4^) 

£$£$cft#tt ESHf#tt^30 r. as»i#£*L 

iHNMEXO! 13 C NMR ^ <t t) # #f b > # h tl it f - 9 <0 it a> % tH 
-f 5 r £ as X* £ 5 o 

oo-o^nlflitte, iH NMR 33 J: t>* 13 C NMR ^ <t 9 # & H fc fc° - ? 
[iH NMR: 8 4.8-5.0 (1,2- t*~A' ^- - y Y <Z>=CH 2 ), 5.2-5.8 (1,4-^ = y h 
<£>-CH=«b l,2-tf nyuoL^i 5/ fO-CH=), NMR: 8 27.4 (l,4'>^ ^ = 
y b K 32.7 (1,4- b 9 > * y h) N 127.7-131.8 (1,4-3- ^ y Y ) N 
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113.8*114.8 t 143.3-144.7 (1.2- bT ~ JV =l ~ y Y )] <D $t ft it h W ffl L ft „ 
^ fc. fi*¥^#^* (Mw), $:¥iSJ#^» (Mn)s (Mw/Mn) 
fi, GPC V XT' \s is &mm*Bltk L T Jfl V» 3fc * . 

J^T. m£0H-*5V^ THF (i-r h7t Ko77 ^BEfcT-, iPr fi -Y V 
y a tVi^S, nBu fi 7 iV-v /US, TMS ft h U y f !> /^S> Cp* 



< £%0y i > 

^.m^m%T<D if n — ^tI? y ^ * <P -e % + Lfc 100 ml B)E^ 

^ * # h /W^ <b Ltt'^f b^y^/U^^/Ui/^ cz -O' * v> ^ ^ 

;Hf7f h^t KP77yt^!) £ [(C5Me 4 Et)2Sm(THF) 2 ] £ 0.025 
mmol ft&^. a^^i^^ 40 ml t£*g#£*;fco & V> "T? x MMAO CSC 

y— • ^T-r^^Atti^sg^^n-rv^ b/n > pT^14t/i- * y 

y) & Al/Sm=200 TcfUJfc £ * 5 £ 5 l-^*P h A**irTlk Lfc«, t 

<D&, fu— ■y^ 5 '^*tf>e>#h>'l'£:ffil9tfJL, 1,3-7'^^xy?: 2.7g 

tt&^. so'c-? 20 frmm&*rr^tz 0 m&&. bht[2,6-^* (t-y^-zw) 

■4-^f;i'7j;-;H© 10 wt%o y ^ y — /^^^ 10 ml &;tJn;iT£:/&£ 

60 , C-C3Sf^ftJ» bfc 0 . # kHfcM^frOlK^Mi 67 wt%T* o fc 0 

<£> 5: * p *3S«: -y^-g-*^ 97.3 mol%T-, 3£ ¥ # ^ ft 567,100 "C 

>9 H Mw/Mn W: 1.87 o £:„ 



< HJfe^J 2 > 

HJS^J 1 Kfcl^T. to^i: Ut^fb^ ^A~f y 7"0 fc'/wy* a 
-O^v^—zUxh^t Kp 77^t-7U # A [(C 5 Me4iPr) 2 Sm(THF)] 

100 wt'/oT'&ofco I^ft© 5 * p #£i£tt 98.9 mol%T*. %L 

W-i^ft^Mit 669,700 t*$> !3 > Mw/Mn 1.99 £> o fc 0 
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< Hlfttii 3 > 

a ^< ^ i> sr. ~ /u h^t Kn77^-^^!J 
[(C 5 Me 4 nBu) 2 Sm(THF)] &^/Bi-5J^te|5j^<7);fr&T-3l®&&fTofc„ 
#btbfcS^^^>J|X^«86 wt%-Cfc o fc G 5 n *^tttS'*'g' 

*as 97.1 mol%T', 438,200 "C *> 0 . Mw/Mn tt 1.87 t? 

£>ofc 0 



< Hi£0iJ 4 > 

? xi s< is ? -J zr. =l /u h y t Y v 7 v > V V J* 

[(c 5 Me4TMs) 2 sm(THF)] ^mm-r u^^mm^^mx^m.^n ^ tc 0 
# h titzm&&<D<&mi± ioo wt%r*fcofc 0 ^ ^ p^ig«v^^ 

98.4 mol%T-. gc¥*£l#^*te 419,300 T* fe «9 , Mw/Mn f* 1.89 



< it^y i > 

;Hf^f h7t Kn^^^-^^y^A [(Cp*) 2 Sm(THF) 2 ] & ffl "T 5 

KteffiUvfifex-mnk&ft o fc„ #bttfcm-^^onx^fi 95.2 wt%-e£> 

o fc 0 m£*frtf> 5 * n*£i£«:^*-£fitf5 96.5 mol%T% ^c¥^l^^fifi 
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